Congressional
Research Service

Informing the legislative debate since 1914

AxEEUUDEQ@UUOWI + OQwl yhuw

CRS REPORT
Prepared for Members and
Committees of Congress

Congressional Research Service
https://crsreports.congress.gov
R45264




NHC and Forecasting Hurricanes: 2017 Overview and 2018 Outlook
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ThMati onal HutNHCahep&entefr t he National Oceanic

Admi ni &t r(aNt@®AANati onal Weather Service (NWS), is
hurricanes in the Atlantic Ocean and the easterr
the pat(rionfe.a, hurricane track), the intensity,
we | | as predictions of storm surget desenianfuasl, | ar
this information may be used tao ndrnega taen da phudbdririicc e
advisories, which are issued on an increasingly
approaches the U.S. coastline.

Three major hurricanes struck the continent al Ur
Ri co i,mauiknevere damagaed Mhaurvreiycane Harvey was t
maj or hurricane to strike the continental U. S. ¢
before making |l andfall al o2n0glA7t bher derganweowbhe bdHC
fiwas the most significant tropical cyclone rainf
and peak rainfall amounts, simelarréektanabl er macwae
the second major hurricamasttoi st20ke, thakicroqtli anr
Fl orida Keys lom&SkeatgeberndOfi el dsprgeudéeadodi qmi
along the northeastern coast of Florida, even ¢t}
FIl orPiuca.t o RI copewasestnb from damageHuwraruisceadneby H
Maria made | andfMadrli a nwaSse ptt heembdkeaa 210i.,.est st orm of
regarded as theowor¢pvosdtriukal Pdies a®t i co.

For the 2018, huhei €EanemaseaPordi ction Center ( CP(
106 named9sthorms c-ahmaj omndudricanes in its May
announcléehme rAB,.g 2sOth8at e to the seasonal prediction
9-13 named-7sd4haorricanmajomankdulricanes. The wupdat ed
| esstAtvleant i ¢ hurriacamparsed stom time 2May predi cti or
I'n geoeree @atshtes (Radirlr7idtcraameclss wer e bett egreatrhan the pr
averfaoge tr ackhd oaleiclaisttys t o forecast hurricane tr e
the 1960s, increasing the | ikeli hoBoedt toefr mor e acc
instrumenweaalbhear satellites, such as -the GOES (¢
orbiting weather sateebklimpseovemegrtspntogbuhed Wwr
sophisticated hurricane forecast modellserand vast
factors.

These factors also have improved forecasts of ht
smal l er increments per decade compared to i mpr oy

decaRer)ecasts dHorintaenwegstianfage and Mar itahapnr oved n
forecastsomd rorasc ksoristmesns hege hurricanes excee
fi-year asavéoageast errors.

I ndeed, perhaps the Dbiggest cd adbielnigtey ftoo g rhed iNd
hurricanBuirinbhemsmboit ganttismtedres iatl y ys nhei agshuersetd a

sustained wihadt smeaessremant does notsutrgke oirnt o c
preci giatussteidorf | oodimagy eotahmonfg whhe hmost danger ot
hurricane. Superstorm Sandy, for example, produc
popul ated coastline in New Jersey and New Yor k t

On April 18, 20P7L .-5 ht§h ee sWe aetnhaecrt eRlesear ch and F
2071 which provides direction t-oelN®OA&ddaadt NWiSt beas
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l udi ng huergriidslaanteiaso. alihre i s t o i mprove weather
ction 1G4ecfi dTintall d ygipurorviecaneAf oaecAptiingl 2,
8, bhefatole& gSenat e COanmmmir tc3eriee Toaen s @ardt aé i on

ing Administrator ffwoud MOtAiAn s¢ att @ df @ lhlad w N@PWIAd e |
.L.-28 &a5i mphreovashaeimay caneCpngdéessticomike hy ewi | |
eranpd e me nR.alLt.i2&nh 8o fmay consi der other | egislati
fort to improve hurricarme afcdr evea @atnidn gl,e sd spediis
a ssouncshh has @mMd 7i. n
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st amtietshi n t he contanmdbritealU. $ni (M8 YHEMma it BY earntdes

Rico. The three storms were part of an active
November 30) that poédwbéedhlZIOnamadhSsitkohonis ri cane
the 10 hurricanes achieved sustained wind speeds
classified as major hurric@nmpsdqreatliegoirc 2ase 3Wi @d

In 2Qh7 ee bPwrarrivieayned r maaused &amdéage iswesrer al

Sc ajHa) .r i Haarneesy and | r ma wwewhen ditsh ea tf inrasjto rs thourrmsi ¢ a
to makeinl ahdfabhtinent al United States since 20C
hurricane strength winds when it struck Puerto F
The potential for widespread destouvuesi bhetwvapaet
timely hurricane forgceatbyaand meansafer wproivhnc
communities This report first provides a synops
(NHC), part of the Naetianadm®od¢ aPrdtNeaagd oAMtanho s p h
Weat her Service (NWS), in forecasting hurricanes
remaining challenges in hurricane forecasting. 1
hurricane seadasom, tWwiet h ha effodestructive hurrican:t

brief summary of the hurricane outlook for 2018.

Hurricane forecasting #&mado nbee eonf iampnruoavbednrayt offd rw edaet ¢
ongoin@fi $awer esA ntuomb&an garhedswsk ait dlextaenced bi | | s wer
i ntroduced oveEandgrhes speast\p rasnkdv da8al 20 1P7 L .-Cdridr ess ¢
25 t he We atahnedr FRoerseecaarscthi nwdh i Acht pafovBl@&andi recti on
NWSn a rangeebéatwdabbervities, including hurric

|l egislation is to improveSewe¢atomerl 0f4R.rdd.¢ dlslt5s ea dd «
25 peci di mampeghowr ri caneAtt dApercials tli2n,g.2i€t8i, ndhear i ng
Administrator for wW®OWArnsttiantueed ttoh aftd INFOERA LG uni del i n
1155 o i mphreovashaimay cane® predictions.

Congress |ikely will continue to conduct oversic
efforo i mprove hurricane forecasting, especially
Seassouncsh ha0iléd .
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Theati onal HufNHCanhep&etmter t he National Oceanic
Admi ni &t r(aNt@®AANNat i onal Weather Service (NWS), is

1 Storms are named when they reach tropical storm status and have sustained winds above 39 miles per hour.

2 National Oceanic and Atmospheric Administrato™N OA A ) , Nati onal H uSaffiriSienpsone Cent er ( NH
Hurricane Wind Scale 0 httpst//www.nhc.noaa.goabhoutsshws.phpCategory 1: 7805 miles per hour (mph);

Category 2: 96110 mph; Category 3: 11129 mph; Category 4: 13066 mph; Category 5: ¥smph or higher.

3 Written testimony of Rear Admiral Tim Gallaudet, Assistant Secretary of Commerce for Oceans and Atmosphere and

Acting Under Secretary of Commerce for Oceans and Atmosphere, NOAA, in U.S. Congress, Senate Committee on

Commerce, Sciencend Transportationire We Ready for the Next Hurricane Seas&i&tus of Preparation and

Response Capabilities for 2018, $1Gong., 2° sess., April 12, 2018.
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tropi catfi ncoyled doinregs ,hurricanes in the AtTheti c Oce
NHC prowvicasegesof the path or track of a tropica
structure of the storm, as well as predictions ¢
Depending on the status of the twoopgirealt ecywcl one,
hurricane watch or a hurricane warning and publi
frequent basis if a storm strlengthens and approe

"ObwUl I w/ UOEI UUw6 OUOU
Ahurri canenvfodrveecsasntany components and uses a bro
capabilities within NOAA and the NWS, al | of whi
NHCGThe process begins with observations: satell/l:
sources provide dtatackhisend tiontce eraittey sproeani cti ons
hurricanes, for exampl e, begin to fdN@MAAuUSt west
weat her satellites -penmangl gphpengatbenbhbadi gmet ac
tropical storm devel opme&ntGea ms ttatei emasrtye r@p éArn d taind
Environment al Satellites (GOES) are stationed o0\
(two satellites make u,p ofhtee nacrteifveer rGcQE St oc oanss t GOH
We s t and provide continuous data as the stor ms
ic f c

)
t he Atl ant romPAfrica to North Amer.

a .

xx UOEET BDOT wOi 1 w" OEUO
I f an Atlantic hurrioabhéei 8. Sudgedstoi pese NOARAIKT
and U.S. Air Force aXUULBRDQH +XQWetdVrrefcarlryed nttam &

4 A tropical cyclone is defined as a waigare nonfrontal synoptiscale (i.e., horizontal length of about 620 miles or
more) cyclone, originating over tropical or subtropical waters, with organized deep convection and a closed surface
wind circulation abotia welldefined center. Cyclones rotate coustlerckwise in the Northern Hemisphere and
clockwise in the Southern Hemisphere.

SNOAA, NHC, fnAbout t h e N atps:/owwarlhcnddaigowdboutirgro.shtmiCe nt er , 0 at

6 University of Rhode Island Graduate School of Oceanograinyjcanes: Science and Societidiional Hurricane
Center Forecast Process htp://www.hurricanescience.ospienceforecastiorecastingbrecastprocessHereinafter
University of Rhode | sl and, fiNati onal Hurricane Center For

7 A hurricane watchs an announcement that hurricane conditions arelgessithin a specified coastal area, usually

issued 48 hours in advance of the onset of tropical storm force wirtdgridane warnings issued when hurricane

condition® sustained winds 74 mph or greéteare expected somewhere within the specified cbasta. University

of Rhode | sl and, ANati onal Hurricane Center Forecast Proce

8 The entire federal hurricane forecast effort is broader than NOAA and igsunties; however, the NHC is a focal
point and this report focuses on its role. The Natiéhaticane Operations Plan outlines various agency
responsibilities across the federal government.H&ps://www.ofcm.govpublicationshhophhop2.htm

9 This report focuses on Atlantic $ia hurricanes as those storms typically inflict the greatest damage to the United

States. For more information about why hurricanes threaten
do Hurricanes Hit the East Coast of the U.S. but Nédvert We s t Coast ?0, Scientific American
https://www.scientificamerican.coarticlewhy-do-hurricaneshit-the-eastcoastof-the-u-s-but-neverthe-westcoast/

©Yyniversity of Rhode 1Island, AiNati onal Hurricane Center Fol

11 NOAA Hurricane Hunters are specially equipped aircraft that collect data during hurricanes. The NOAA fleet

includes two Lockheed WBd Orion fourengine turboprop aircraft and one GulfstrearrSN jet aircraft. The WRBD

aircraft fly directly into hurricaes during the storms and collectsitu data on winds and atmospheric pressures,

among other measurements. The Gulfstream jet flies at higher altitudes and collects critical information on the
isteeringd winds that af fdata Bee NOARA, Officerof Marine ané Avigtiorma c k, among ot
Op e r a tNOAAHsirricare Hunter®  hatps://www.omao.noaa.gdearnAircraftoperationsdbouthurricane

Congressional Research Service R45264 - VERSIOM - UPDATED 2
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and above the $1menduobsactond ercgaspoemdi bility of th
Reconnai sdkiamatei ocCo,0rAl | H¥uni canesc ¢ CARICA&) e al l

cyclone operation reconnai ssance in accordance v
(NHOPData collected from the Hurricane Hunters a

Hawkare checked at CARCAH and provided to NHC fo
approximately 280 nbialseesd frraodna rtsh eb ecgo ans tt,o0 Iparnodvi d e
precipitatviedmcdnd wiartd-basdcedi tmearsalr dggrdontbryd ahe pr
Aut omated Surface Observation Systems instrument
| and¥ al l

OEO0aabPOdOl wUI 1l w#EUE

The NHC gathers all the observational data as a
and uses t htee datsaerioegemferhur r isciamue Affdimencsast con
principal pur pose osfi nhudraryipdoansd | fyori esc & ot pmeedd lc t

WUDPFNe hurand@wWeQ@phbevhh)ur r i c anverwian g ey peodd s t hr e
dayEssentially, the model uses the observational
at mosphere and then uses mathematical equations
Not al | hurricane forecast model s amenatth e ns a me ;
such as when observations are fed into the model
the equations are used to make forecasts, and ot

hurricane forecasts mayrdiesfer inemithosensf toatk
hurricane tbee&EasbDpeqaga. ghhangeea Hporredvesdkisu Mt | ant i c
hurrican®ad od®csasmes ,research institutions within
Nati onal Cent eresfepdir csbht mospheri c

hunkers The 53 Weather Reconnaissance Squadron, a component of tféMag of the U.S. Air Force located at
Keesler Air Force Base, Biloxi, MS, flies 10 \WA30J Hercules aircraft into hurricanes during weather reconnaissance
missions. Sehttp://www.403wg.afrc.af. mikbout/FactSheetddisplay/Article/19252953rd-weathefreconnaissanee
squadrorhurricanehuntes!.

12CARCAH is a subunit of the 33Weather Reconnaissance Squadron, U.S. Air Force (also referred to as the
Hurricane Hunters).

13 Office of the Federal Coordinator for Meteorolotjjational Hurricane Operations Plarathttps://www.ofcm.gov/
publicationshhophhop2.htm

UNASA, Armstrong FI GlgbaltHawkoe dugps/fwernasa gavéntersarmstidngdircraft/
GlobalHawkindex.html

15 University of Rhode Island Graduate School of Oceanograpimyjcanes: Science and Socigifutomated
Surface Observation Systems (AS@S) hitp://www.hurricanescience.osgiencedbservatioriandbased/
automatedsurfaceobssystems/

16 University of Rhode Island Graduate School of Oceanografimyjcanes: Sciencand Society Huiricane Forecast
Models 0 http:#www.hurricanescience.osgiencefbrecastmodels/ Hereinafter University of Rhode Island,
fiHurricane Forecast Modelso

17 Hurricane intensity generally is measured as highest sustained wind speeds. However, that measurement does not
take into consideration the stoisarge or precipitatiogaused flooding, both of which may be among the most
dangerous elements of a hurricane.

18 The European Centre for MediuRange Weather Forecasts (ECMWF) is an independent intergovernmental

organization supported by 34 countries. It produces global numerical weather forecasts using weather models,

including the EMXI model referenced inthete&te e ECMWF, #fAAdvancing Gl obal NWP Thr ou
Co |l | a b o rhaps:#wevw.ecimwf.at

BUniversity oHuriaheoFdrecast Motetsin d ,

Congressional Research Service R45264 - VERSIOM - UPDATED 3
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Hurricane forecasts generally are divided into t
hurricane) and hurricane Tme ealsfidtriyd cfatsht@ hsuursrtiaci anne
tracks has i mprovedL3dX@thdi hgreascegthbelBPibRsel ( hc
accurately predi xLtJXbsgh olwasn difhaaltl tlhoec attriaocnk. er r or s
arleesshalhfanof what they were in the 1@e9ded Al so,
out for only three days; today®Thfaadr e cnacsrtesa steydpi ¢ ¢
accuamtcyextendpdovi dhes$rasmef ul information to | oc
emergency managers faced withndedihsei mmres dald outstey
emergency equi pment and supplies. Better instrur
GOES seriesonbdtithg wedtbher satellites, have con

have more sophi st imoated d hwrdr ivasrnd yf da rmpaaowvted com

Figure 1. NHC Official Average Track Errors Comparison
(by decade for Atlantic Basin tropical storms and hurricanes)

NHC Official Average Track Errors
Atlantic Basin Tropical Storms and Hurricanes

500 : ; : . :
- 1960-69
—1970-79 |
4907 —— 1980-89
1990-99
400 [ —— 2000-09 7
—2010-17 /
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300}
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Track error (n mi)
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1 1 1 1 1

12 24 36 48 72 96 120
Forecast period (h)

Source: &56 IURP -RKQ &DQJLDORVL “7KH 6WrBidekherEyeificid Blogd B¢l )RUHFDVWLQJ
National Hurricane Centetarch 9, 2018, dtttps://noaanheordpress.con201803/094the-state-of-hurricane
forecasting/

Notes: Forecast errors indicate the difference between the forecast track andatteal track in nautical miles;
(h) is hours.

201n other words, fiveday forecasts today are as goodhaseday forecasts were 25 years ago, in terms of their skill at
matching forecasts with actual events.

Congressional Research Service R45264 - VERSIOM - UPDATED 4
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Unt il the | ast decade, hr worvreidc a me simatl d nesri ti yn cfroermeec
hurricane tr 3alckKKYfHo rlenctaesntssi t(ys efedr ¢ ma 20 1&r, r a he fold @
i ngLIJXWH are about 15 knots (17 mil &s dagms)hour),
That is the |l argest increment al i mprodvemagrtr si nc
corresponds roughly to a diffeifSempsonf Hume i t@amrei
Wind Scale. The NHC reports that i1t often encour
cyclone to prepare foram shef'fmopbpeeastitegory stroc

Figure 2. NHC Official Average Intensity Errors Comparison
(by decade for Atlantic Basin tropical storms and hurricanes)

30 1 T T T T T
—— 1970-79
——— 1980-89
1990-99
25/ —— 2000-09 .
——2010-17
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Source: &56 IURP -RKQ &DQJLDORVL “7KH 6Wr3idektheReyexfiial Blogdd®@eHd )RUHFDVWLQJ
National Hurricane Centetarch 9, 2018, dtttps://noaanhc.wordpress.co2®1803/094the-state-of-hurricane

forecasting/

Notes: Intensty errors expressed asind speed measured knots. Forecast period shown in hours. The NHC

issues official forecasts every 6 hours, and each forecast has projections valid 12, 24, 36, 48, 72, 96, and 120

hours(h) DIWHU WKH IRUHFDVW:V LQLWLDO WLPH

%OHBEUUUWEOEwW6EUODOT U

Using the results from hurricane forecast model ¢
NHC contribute to th&hbkbaempgacmarett$ eirrlalassde aneces s
Speciali stt hégniTtr opH @) r, eAcnaasl ty sBrsa mcnhd (FTOAFB) , and t

2INHC, Inside the Eyethe State of Hurricane Forecasting, March 9, 28s://noaanhc.wordpress.c@d1803/09/
the-stateof-hurricaneforecasting/

Congressional Research Service R45264 - VERSIOM - UPDATED 5
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Liai son T®dmt(hklsTe),. t he HSU produces the final,

i ssued every six hours after a storm forms and r
warning TS salesso provides briefings on tropica
and to the public, and it cooperates with meteor
as well as Central American and Cari bvbedalmmgcountrr
tropical cyclone position and intensity estimat e
tropical cy#l one operations.

ThedLTs sponsored through the Feder al Emergency N
comprised of fedmenbensyamanageds] oEBEMA per sonne
forecasters and hydrologists. On or before the
requests that FEMA activate the HLT, which r emai
tropical cylcdamtmiec i or tdh@stAer n Paci fic baS|n t hrea
territories, then the NHC can request that NWS
HLT until the st®rm threat has passed.

The HLT serves as a | isgiegsn almdt weoem |t lreeneNH@ nfcor
threat of tropi calé cnyacilno nfeusn.c tGnoen so fi st hteo HLolrmmu n i
feder al , stat e, and | ocal of ficials. Neither t he
i ssuingneyabowever; theseedeacisitden oira ffeoxfa l of fi
The NWSdehegheteBebywetary of Commer ce, has statut
forecasting and for issuihgr esdaogtnms weemdeirweedrdnyi( nlgps |
are coordinated between the NWS national center s
i ssues its forecast, | ocal NWS Weat her Forecast
forecasts, which take iarnhbtel @omnddisderndtniadre Itdcalf oc
through its est&blished | ocal networks
2U0UOQuw2UUl |

I n addition t o nohde¢ lhsutr rg rceachiec tf oirretcearsgi t y, winds,
forecast model s arfeo rdeddRginPeSd XddJie siufdigata Inleyd tacs an
abnor mal rise in sea | evel accompanying a hurric
the difference between the measured | evel of the
the sea | evel hwouutl da hsdtivdeX dije eEeveimt sur ge, combi ne
precipitation from a hurricane, can treate dange
during tropical cyclones and other intense storr
storm surge that inundated the heavily popul at ec
enormous damage, despite ehk Btuormcaneel Mmbdi aye
|l andfall.) The combination of a stor WWRURe and

22The TAFB and HSU are within the NHC; the HLT is within FEMA.
23 For more on hurdane watches and hurricane warnings, see foothote

University of Rhode | sl and, ANati onal Hurri cane Center Fo
ZNOAA, NHQt fAkRo Nat i onal htiga//ovww.nbcanoaa.godbdeutintreshtmlo  at
BFEQr more information about the Hurricane Liaison Team, s e

Cet er Hurricane Liaison Team, 0 -6R% $eptember 21, 206t her Service | ns
http://www.nws.noaa.gouirectivessymfpd01006003curr.pdf

27 For general informatin on how severe weather warnings are communicated to the public, see Forecasting and
Warning: The Role of the National Weather ServicscsRS Report R4009Revere Thunderstorms and Tornadoes in
the Unital Statesby Peter Folger
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WLKBH X)Wl arge high tide coinciding with a | arge
tide and may cause ext®r eme flooding in coastal ¢

Thetorm SurgartUnbf the NHC, smodel sy ud maee rmrbe dii dtys
Uu. S. At |l ant isc, athadwaQuil,f PluoeSsita ¢Rlinc wd sATidS ¥ Ih)e U
Storm Surge Unit typically commences its operat.
the hurricane threatens to make | andf-aungethe ur
threat subsides.

Figure 3. Storm Surge and Storm Tide

 ———————_L L 1 1 5

2 ft normal
high tide we=
Mean sea level

Source: National Hurricane Centeat https://www.nhc.noaa.gsurge/ (Modified by CRS.)

Notes: The 17 foot storm tide (top arrow) indicates the sum of thef@ot normal astronontal high tide and
the 15foot storm surge.

(OxUOYIl Ol OUUWEOEwW" I EOOI Ol I U

Perhaps the biggest challenge for huhei NHdG@Gei s hoyv
i nt edrbsaistiycal | y, how strong a hurricanes wil/l beco
ma x i mum {i nht$egnhseistty sust ai rHodvewiemrd dpheaddaneasur emen
i nto consi desruartgieo no rt hpea esstéaprint lad o dinng, both of wh
the most dangerous el ements of a hurricane.

Fl oodi ngf rreemsagh ti aignufrailnlg ehvuermrtisc adnes coul d be res|
maj or ity cofusfeadt ablyi tai esst or m. Some studies show, h
produced by a storm may notdtntsaucss ssadielddpeled r el at
of the Recoi ¢ apnreeeil i ©db s efgflummdli ng during Harvey.
example, continued even after the storm made | ar
tropical storm. I mprovingtimamglanitd tlyo d et iacmr uafat
hi gh rai nwfoaillld mendaavdasd ue of hurricane forecastin

28 NOAA, NHC, Storm Surge Overvievat https://www.nhc.noaa.gosuirge/
29 NOAA, NHC, Storm Surge Unjtathttps://www.nhcoaa.go\gurgessu.php
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NOAA releases its outlook for hurricane season f|
provides an update as ¢ ondDE®Gbhnswse vtohlavte tfhoer ntuhneb
strength of actual hurricanes &s |siegahstd nya le xocuetel doeodk
an active hurricane season in 2017

Table 1.2017 Atlantic Hurricane Season :Comparison Between Seasonal Outlook
and Actual Storms

NOAA Seasonal Outlook NOAA Seasonal Outlook
(May 2017) (August 2017) Actual
Named Storms: 117 Named Storms: 149 Named Storms: 17
Hurricanes: 59 Hurricanes: 59 Hurricanes: 10
Major Hurricanes: 24 Major Hurricanes: 5 Major Hurricanes: 6

Source: National Oceanic and Atmospheric Administrati?dOAA), Extremely Active 201Atlantic
Hurricane Season Finally Epgddovember 30, 2017at http://www.noaa.gowmediareleaseéxtremelyactive
2017atlantichurricaneseasorfinallyends

Notes: A hurricanés astorm with sustained wind speeds of at least 74 miles per houngor hurricans a

storm with sustained wind speeds of at least 111 miles per hour (Category 3). Category 3, 4, and 5 hurricanes
are deemednajor hurricanesdecause of their potential fagignificant damage and loss of life. The NOAA
Seasonal Outlook numbers were first released on May 25, 2017, then revised on August 9, 2017.

ree maj oaf fheuchteeidcanesnent auSVUnane dP Beratt @ sRi ¢ & ei
lctfausi ngmageer elada eSe gtAaijglusma L(7ABgps e mMBer 12

d Mar i a (Seepptteenmbdeenr o e e ad st & lod 10t ih&dakhe swer e
tter t han -ytehaer pdveavriaogues cH o iveevoeae re,& sfts s s wefr ei nt ensi
S asccrheonteast errors for theseykarriavenageexoc
rorecastTreaacglrand i ntensity forecaasrtes for each
scussed bel ow.

wn

"UUUDEEOI w' EUYI a

Hurri cane Harvey was the first Umajt®rds itbucae ies@00®, t o
achieving category 4 strength before nZaOkli ng | anc
abooumti | es east offARoOckgiong ,t Telwhs. NHE, mdat signi
tropical cyclone rainfall event in United State:c
since reliable recodtilse blriggme atr ositna@r mhteo t1BI18 0rsai n
mor e 6tOhamches ndeal XNedvdi ch exceeded the previou
Hawaii during Hu¥%ricane Hiki in 1950.

30The dates associated with each hurricane reflect the time from initial formation until storm dissipation. Email from
Matthew Borgia, Congressional Liaison for Weather, NOAA, March 15, 2018.

31 The last major hurricane to makedHall in the continental United States was Hurricane Wilma in 2005, which made
landfall in Florida on October 25, 2005, as a category 3 hurricane.

32 Eric S. Blake and David A. Zelinskiational Hurricane Center Tropical Cyclone Report: Hurricane Harvey
NOAA, AL092017, January 23, 2018, p. 6. Hereinafter Blake and Zeliiikyjcane Harvey 2018.

33 Blake and ZelinskyHurricane Harvey 2018, p. 6.
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Hurricane whsewmay kabste for the ar eial ®axulsmserdgeof t |
sections of sout Bfeacstt ecmamakeabdfr doei mgdHar vey, a
postul @tted st huantl i kely the United States has ever
tropical cyclone rainéall totals as it did from
Hurricane Hamoeyngastarssm owcTe xiats , mamhe clha nedkfpd lali ni
it produced such extreme rainfall. The cycl one v
but stopped its northwestern motion and made a s
drifted sout heasftawrae dmdwirn@ dfefws aryes degai n. Howe
mo v eb & anfeuegnu satn d2 A2 usal | owing warm and humid air
Mexico to feed the storm, resulting in heavy r ai
di mi ni shed otran t3it deftiBtsa wss@&Blat vagk from its genesi :

depression

i n tthin e stdgiths s inopna €3 e@pat eeantbheer  Tle nonveesrs e e

Val | ey.
Figure 4.Hurricane Harvey sTrack
(August 17, 2017, through September 1, 2017)
105°W 100°W 95°'W 90°W 85°W 80°W 75°W 70°W 65°W  60°W  55°W 50°W 45°W 40°W
- < Hurricane Harvey
17 Aug - 1 Sep 2017 40°N
~o =] s Major Hurricane
\ w— Hurricane
30°N Tropical Storm
Tropical Depression
K Subtropical St o
TS — sﬁwﬁﬁiiiu D:;::ssion 35N
| - - - Wave/Low/Disturbance
\ + + + Extratropical
bl = ® 0000 UTC PosiDate
25°N e 2% 1200 UTC Position
SEHIEL ,Ll PPP Minimum Pressure 30°N
20°N b :
g 25°N
N,
B :
15°N | S | 1{ 20°N
10°N | O I BTN
— 7*"’ ." 16_-__ \ @
1 o =
X { J
soN |/ 1 10°N
0 100 200 400 600 800 1,000 y——< %os o 5°N
[ T 1Nautical Miles X o J B
7 — T - A W \
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Source: Eric S. Blake and David A. Zelinskigtional Hurricane Center Tropical Cyclone: Riejpacane Harvey

NOAA, AL09207T7, January 23, 2018, Figurgereinafter Blake and Zelinskiurricane Harve2018.)

Notes: Inset indicates that Harvey made landfall as a major hurricane, and then reversed course and slowly

drifted southeastward over southeastern Texas and offshoreéveral days before heading northeastward over

34 Blake and Zelinskyiurricane Harvey 2018, p. 7.
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land again. Numbers along the hurricane track indicate dates (e.g., 17 equals Aug@04fjl The small arrow
indicating 937 mb (millibars) indicates the lowest pressure recorded for the storm alorrgdts t

The record rainfall amounts created widespread f
responsi bl e idiorod e6tbt lod itrheTebx8as atThéeblLaedl tbythe
statistics make Harvey tsheofdedaadleicgigpte et I.is mhsu rnrciec
Sandy #NORAl&sti mated that damage from Hurricane
bil i onoy evBitOtdla ® 0 0 s turpu d tou 15600 , HrOD cars fF¥ooded in

%OUl EEUUU

As)LIXWH ows , Harvey formed as a tropical depressi
Augus2a01W/W,mi ni shed in strength as it moved west :
t hehoresda at ropi cal storm in the @uwulef reef Mexi co.

formation of flareweys tvachsgl WHIEI r emnants of Harvey
were given a high (>6a@%)y ohidrd oo ko f4 Zgodrineegtirs i rb etf t

occudrarnedexcel l ent fore@®ast by current standards.
Hurricane f omnedeiavsitdse dg einnetroaltlwo cat egori es: hurri
intensity. The N#@HCtfracd«c avats fbet tdar tdhyan average,
erroesl owwer than the average official f-orecast e
year pOEQPBd For each for eEasH 't Ipe ro fofdi sihalwnt ri aac k f
(expressed in nautical miles from the actual pat
|l ower t hwemat havéi age forecasts20nmh@le by the NHC d

Table 2. National Hurricane Center (NHC) Official Track Forecast Errors for
Hurricane Harvey Compared to the 2012 -2016 Average

(in nautical miles)

Forecast Forecast Period 2

12 hours 24 hours 36 hours 48 hours 72 hours 96 hours 120 hours

NHC 18.8 28.8 38.9 49.7 81.2 124.5 168.7
Official

20122016 24.9 39.6 54.0 713 105.8 155.4 208.9
Average

Source: Congressional Research Servi€Rg, from Blake and Zelinsky{urricane Harve2018,Table 6a.
Notes: Forecast errors indicate the difference between the forecast track and the actual track in nautical miles.

a. The NHC issueofficial forecasts every 6 hours, and each forecast has projections valid 12, 24, 36, 48, 72,
96, and 120 hours after the forecastnitial time.

35 According to the NHC, deaths occurring as a direct result of the forces of a tropical cyclone are refentaddb as
deathsand would include deaths caused by drowning in storm surge, rough seas, rip currents, freshwater floods,
lightning, and winerelated events (such as collapsed structures). Deaths occurring from heart attacks, house fires,
electrocution from downed power lines, car accidents, and other factors are corisitieeetideathsHarvey caused
about 35 indirect deaths. Blake and Zelind#yrricane Harvey 2018, p. 8.

36 For hurricanes making landfall in the continental United States.

37 Blake and ZelinskytHurricane Harvey 2018, p. 9. NOAA reports that the damage estimate is a range between $90
billion and $160 billion (90% confidendeterval), with $125 billion as the central estimate.

38 Blake and ZelinskyiHurricane Harvey 2018, p. 12.
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The accumwméa € NHiCh ftome c a st ifnotre nHsairtwweywas mi xed, conm

previoyuesa &veerageDEQOHBeapt e wiecmus afviewemge i ntensit
(expressed in knots of wind gmpedd)r were® fh atstte r4 8t
but the Harvey intensityydaornmr exvasrntasgeveafet dbret4&rha

120 hfoiuvres 7d@§& Pl The NHC i ndicated that the dichot
kwealdyue t o the cyclone weakening faanhédr48han ex
ur f orecast i nterval s. I n cont r avsety, wohuel dNHC nc
ay a weak cyahgmefPfAddthebhanigy, t hime tNHG lrygpor t
e rapid intensificdtoiromat( RIn)-awmitsi ¢hicoptaeged df b et
the guidance had Harbeffoneaklk ashh dVHA cSpneac iTaplx & § <
visory issued at 1800 UTC 24 August, 33 h[ours
thin 5 kt of tkie intensity near | andfall

Table 3. NHC Official Intensity Forecast Errors  for Hurricane Harvey Compared to
the 2012 -2016 Average

(in nautical miles per houor knots)

Forecast Forecast Period 2

12 hours 24 hours 36 hours 48 hours 72 hours 96 hours 120 hours

NHC 5.8 8.9 12.0 15.0 6.5 35 6.3
Official

20122016 55 8.2 10.5 12.0 13.4 14.0 14.5
Average

Source: CRS, fromBlake and Zelinskyjurricane Harve2018 Table 7a.

Notes: Forecast errors indicate the difference between floeecast intensity and the actual intensity in nautical
miles per houror knots.

a. The NHC issues official forecasts every 6 hours, and each forecast has projections valid 12, 24, 36, 48, 72,
96, and 120 hours after the forecastnitial time.

Rai nfemddstfsorf or Hurric@&neaecHaratey aamd atl h e wetr@r mhe
The Weat her Prediction Center (WPC) within the N
i ssuing precipitation fdmoemest snf AMer Gublfrt heane
initial WPC forecast was for 20 inches of precicg
to 40 inches in the hours before Harvey made | ar
day priosd tenHanrv &)lLJXikhhgo W xtaltse progression of r
over me.

39 A knot (kt) is 1 nautical mile per hour, equivalent to approximately 1.15 statute miles per hour.
40 Blake and ZelinskyHurricane Harvey 2018, p13.
41 Blake and Zelinskyiurricane Harvey 2018, p. 13. UTC refers to Coordinated Universal Time (formerly

Greenwich Mean Time) and is the primary time standard by which the world coordinates its clocks and time. 1800
UTC on August 24, 2017, would haver@sponded to noon in Houston.

42 Blake and ZelinskyiHurricane Harvey 2018, p. 14.
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Figure 5.Rainfall Forecasts for Hurricane Harvey
(August 17, 2017, through September 1, 20fbr;southeast Texas)
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Source: Blake and Zelinskyjurricane Harveg018 Figure 2. (Modified by CRS.)

Notes: Heaviest rainfall predictions and actual rainfall occurred in southeast Texas after Harvey was
downgaded to tropical storm statusBottom axis shows date and time of forecast (each tick mark indicates

three hours).
" UUUDPEEOI w( UOGE
e

Il rma was the second major hurricane t

Hurrican

making | andf alyls inre atrh eCukllj orei Kee yKemt category 4 s
striking southwest Florida near Mar)cdXQ ksl and | at
After making |l andf all in Florida, the storm weak
mo v ed -nmoartthhbwe st war d j ust e a detlh , oS e pN aepnhbeesr alnld, Fote.f ©
becoming a tropical stor m aiblolug t20atnasua me adaymi |E
striking the U.S. mainland, I rma reached categor
Cari bbean islands of Barbuda, St. Martin, and Vi
Septeffbema6 di ssi patzdasoni tSepawenbeacrloss Al abama.
Hurricane I rma did nbStVIisthuti kteh d gtemr cemigdRalc dd tgdir rvh e
| ocated further out from the eye, rainfall, and
particouher i g3tahdma o f an*twi Ste.s prochand. damage was rep
both islands, including collapse®Sfir€@raind wasic
not as severely afsfyd chtuetd eavse nt hseo ontehaerrl yt wio0 % of t

43 John P. Cangialosi, Andrew S. Latto, and Robbie Beagional Hurricane Center Tropical Cyclone Report:
Hurricane Irma NOAA, AL112017, March 9, 2018, pp-4. Hereinafer Cangialosi, Latto, and Bergurricane Irmg
2018.

44 Storm surges defined as an abnormal rise in sea level accompanying a hurricane or other intense storm.

45 Cangialosi, Latto, and Berglurricane Irmg 2018, p. 14.
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Crowexre défmaged. direct deaths in the USVI occurr
storm was responsi bihe Puer tohRéeeoi, navi decpreadt Ipo\
mi nor damage to homes and businessdsesndf@itlhert o®akr i
the full bruwmtt refngitths wé aamtdessgomyai 1, &«mwanpdtedarem sur
destr4ction.

rricane I rma formed in the Atlantic as a tropi
ickly compareg.tobrhmarreaahedHaayer hurricane f
nesis and maintained hurricandaion nthajhomaghurric
opicatresngtrim only after)LdX@ht hAogomaoirndperoa Fher
réema rapi d idmemksdd ilcyata omi nd speed i ndicirsease of 7
are for Atlantic tropical egabones3. d#hcafrthg ¢t
rma al so maintained sustained -lcan eggotr yp &r i ad emre
e c@lrrdiea maj or hurricane force and repeated | andf
esponsible for .widespread destruction

= 0 cC C

== == —="QQaT
6 —

46 Cangialosi, Latto, and Berglurricane Irma 2018, p. 14.

47 Cangialosi, Latto, and Berglurricane Irma 2018, pp. 13l4. For example, nearly 95% of all structures on Barbuda
were destroyed, and the island was completely evacuated for the first time in nearly 300 years in the walkadf Irma
in anticipation of Hurricane Jose. Hurricane Jose, SeptemPgr 2017, also developed into a major hurricane but did

not make landfall in the United States.

48 Cangialosi, Latto, and Berglurricane Irma 2018, p. 2.

4% Cangialosi, Latto, and Berglurricane Irma 2018, p. 2. Only the 1932 Cuba Hurricane of Santa Cruz del Sur
exceeded I rmads duration at category 5 strength.
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Figure 6.Hurricane Irma sTrack
(August 30, 2017, through September 12, 2017)
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Source: John P. Cangialosi, Andrew S. Latto, and Robbie Batgnal Hurricane Center Tropical Cyclone: Report
Hurricane IrmaNOAA, AL112017March 9, 2018, Figure Hereinafter Cangialosi, Latto, and Belyrricane
Irmag 2018.

Notes: Numbers along the hurricane track indicate dates (e.g., 10 equals Septem2&1170

JLIXWBBHhows t he swath of deEspatultiivediweatdisng| omat |
high winds enlarged as the storm moved west intoc
souteérdrmstt ed Shklaaregge wWirmdh f i el d psruordguec efdl osa dginniof i
along the northeastern coast of Florida, even ¢t}
FIl orida. The significant fl ooding al &hfgont he bansik

exame, resulted fromsurhge combimaitnfoal lofr wn ofrfm i n
with easterly winds aheadcausingatpes widhegrseawaid
The broad wind field and asedcicanddti ansf ahlt ahe
direct deat hesrthnntede Ssattebebdstause of Il r ma: four
and one in ®outh Carolina.

50 Cangialosi, Latto, and Bergjurricane Irma 2018, pp. 1€.1.
51 Cangialosi, Latto, and Berglurricane Irma 2018, p. 15.
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Figure 7.Hurricane Irma sWind Field
(August 30, 2017, through September 12, 204ifd speed in knots)

Source: Cangialosi, Latto, and Betdurricane Irma&018,Figure 4.

Notes: The wide wind field shown over the Florida peninsula indicates why Irma caused flooding in
northeastern Florida even thoughmade landfall in southwestern Florida. Wind speed is in knots.

U

The NHC no
r

=

ted that I rmarkdcameda obwucl ome ©@a&rfiicer
errors wer%4Q%®nlkoaet yt 88&n the average official f
fi-year p®OEQPBd The only other forecast&&modakkt hat
better than the

NHC model wRaasn gteh eWekau rheep e & r @ecrmatsr
model (PEMXI)

52 Cangalosi, Latto, and Berg;lurricane Irma 2018, p. 18.
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Table 4. NHC Official Track Forecast Errors for  Hurricane Irma Compared to the
2012-2016 Average

(in nautical miles)

Forecast Forecast Period 2

12 hours 24 hours 36 hours 48 hours 72 hours 96 hours 120 hours

NHC 14.8 25.5 37.6 50.5 73.9 101.8 135.0
Official

20122016 24.9 39.6 54.0 71.3 105.8 155.4 208.9
Average

Source: CRS, fromCangialosi, Latto, and Betdurricane Irma018,Table 5a.
Notes: Forecast errors indicate the difference between the forecast track and the actual track in nautical miles.

a. The NHC issues official forecasts every 6 hours, and each forecagtrbjgstions valid 12, 24, 36, 48, 72,
96, and 120 hours after the forecastnitial time.

The NHC official intensity forecasts for I rma h
previoyesarf ipg@EPbBd The NHC sotiend etnhsaitt yl rammas mor e d
forecaste timaaen giptiyxadf troprwali chct onmadiuent and
interacti®n with Cuba.

e
[

Table 5.NHC Official Intensity Forecast Errors for Hurricane Irma Compared to the
2012-2016 Average

(in nautical miles per houor knots)

Forecast Forecast Period 2

12 hours 24 hours 36 hours 48 hours 72 hours 96 hours 120 hours

NHC 9.0 12.4 15.8 17.4 18.7 24.9 29.7
Official

20122016 5.5 8.2 10.5 12.0 13.4 14.0 14.5
Average

Source: CRS, fromCangialosi, Latto, and Betdurricane Irm&018,Table 6a.
Notes: Forecast errors indicate the difference between the forecast intensity and the actual intensity in nautical
miles per hour, knots.
a. The NHC issues official forecasts every 6 hours, and each forecast has projections valid 12484736,
96, and 120 hours after the forecastnitial time.

" UUUDPEEOI w, EUDPE

Hurricane Maria was the secondatsattdhgordye aldl| hersni c
of 2017 and is widely regarded asont hree cworrds.t Muaartit
became a tropical storm on September 16, 2017, k
reached category 5 ®Trhtee rsgiotryn are v®d ptpeerdb era x1i &nu m

53 Cangialosi, Latto, and Berglurricane Irma 2018, p. 18. The ECMWF also reported that it struggled with correctly
predicting the intensity of both Hurricane Harvey and Hurr
Har v ey a nhtpsli/mwmwacmaf.ingnhewsletterl 53hewspredictionstropicalcyclonesharveyandirma

54 Richard J. Pasch, Andrew B. Penny, and Robbie Béatipnal Hurricane Center Tropical Cyclone Rep
Hurricane Marig NOAA, AL152017), April 5, 2018, p. 2. Hereinafter Pasch, Penny, and Bergicane Marig
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175 mph over the eastebunt CwedbhbbtaghohySept embe
making | andfall onttiteeacikbBé asdubhe®sosmi coaat of
September 20 with winds just bedThvwatt lsea meh rdeasyh o
storm passed @ladggsd chuy atri g W S\lmia g IY@OpdeBfO ft hSet . Crr
power and transmiss$iToe systefmsthe hherUS¥Whe tr
roughly diagonally from southeast to northwest
At | aOcteilaamt er on September 20. After crossing P
eastern United States but remained offsho
Hat t,erNs@Bs September 27. Mar itcdoenteiwne ntesdld 8t b
di ssipating in the AtlahXWbbho@®seaheohuBept
genesis on Septembesi Adt i @O 1dn SBdaptoeamhe d

(
L
C

mo:'U(D

re
B a
am
30,

2018.
55 pasch, Penny, and Betgurricane Maria 2018, p. 2.
%For more information on damage t o mséndreddverS effori,is@&RHi n | sl ands.

Report R45105Potential Options for Electric Power Resiliency in the U.S. Virgin Islabg<orrie E. Clark, Richard
J. Campbell, and D. Andrew Austin

57Pasch, Pennyna Berg,Hurricane Maria 2018, p. 3.
58 pasch, Penny, and Beldyrricane Maria 2018, p. 33.
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Figure 8.Hurricane Maria sTrack
(September 16, 201Through September 30, 2017)

Source: Richard J. Pasch, Andrew B. Penny, and Robbie Batignal Hurricane Center Tropical Cyclone: Report
Hurricane MarjdNOAA, AL152017), April 5, 2018, FigureHereinafterPasch, Penny, and Berg, Hurricane
Maria, 2018

Notes: Numbers along the hurricane track indicate dates (e.g., 18 equals September 18, 2017).

Puerto Rico was stiddusread obvye rHunrgr ifcraome dlarnmaag et wo

Maria made | andfall. Hurricane Maria incapacitat
Rico, |l eaving the entire island without power ar
Direct andtionédilsecin ®Pea@trho Rico have been the s
some journalists and news reports, with higher
numbers reported by tFKFPEhgoovkfhnmeal dbaPBet6H&G&DHI|I Ri «
however, hundreds of indirect deat hs may be attr

59 For more information about damage to the Puerto Rican power syste@RSeReport R4502Repair or Rebuild:
Options for Electric Power in Puerto Ricby Richard J. Campbell, Corrie E. Clark, and D. Andrew Austin

0See, for exampl e, Eliza Barclay and Al exia Fernandez Camp|
Coul d Be O/ne Deceinbed8017, ahttps://www.vox.conmpolicy-andpolitics/201711/29/16623926/
puertarico-deathtoll-hurricanemariacount

Congressional Research Service R45264 - VERSIOM - UPDATED 18



NHC and Forecasting Hurricanes: 2017 Overview and 2018 Outlook

Ri can gover*NndeAnit ersdviimaw.ed t hat Maria caused abo
Puerto Rico, making it t he rcashtel iied tacnbds rakrnide &t thee i
hurricane ibrehU.n3l. Khitsrt)yGifdyean & | aardv e Domi ni ca su

di rect deat hs due to Mari a, whiscbBtdamdgaedsor des
%OUI EEUUU

According to MNJAAHurtrhiec agneen eMairsi a was not well fo
attribut eshuror iac & naed Hfedree coabstpr edi ct tropi cal cycl
soon before the &Howewveractheal ty afcdfrefweedrecast s f
eors by about 50% than the megpaofpeci ald €oronél

forecast7DEMtHer val s (

Table 6. NHC Official Track Forecast Errors for Hurricane Maria Compared to the
2012-2016 Average

(in nautical miles)

Forecast Forecast Period 2

12 hours 24 hours 36 hours 48 hours 72 hours 96 hours 120 hours

NHC 12.9 20.5 26.8 35.8 58.3 85.0 122.2
Official

20122016 24.9 39.6 54.0 71.3 105.8 1554 208.9
Average

Source: CRS, fromPasch, Penny, and Beltyrricane Marj2018,Table 6a.
Notes: Forecast errors indicate the difference between the forecast track and the actual track in nautical miles.

a. The NHC issues official forecasts every 6 hours, and each forecast hastwog valid 12, 24, 36, 48, 72,
96, and 120 hours after the forecastnitial time.

The NHC official intensity forecasts were mixed
previoyuesarf ipveeri od. The errors fuosr -fMaarei aa vweeraeg ehi g
for the intervals up twpedB8 hveragbutoli ow2y 96ans
(TDEQH Of not e ,OA&AG c 0 rsd inrdye tpomooMell ysMa afarteei pciidpo at e d

i ntensinfSiepateimbmre rrorledd it dutaiddsg torr enn g Hhoewei vnegr., t he NHC
noted that every forecast beaditremifrgg nvstirrd &8 he s ec
indi dtated hte storm would reach major hurricane i
Further, t he NHC forecasts provided Puerto Rico
woul d make | andfall®as a category 4 hurricane.

61 pasch, Pennyand BergHurricane Maria, 2018, p. 6.
62 pasch, Penny, and Betgdurricane Maria 2018, p. 7.
63 pasch, Penny, and Betgurricane Maria 2018, p. 8.
64 pasch, Penny, and Betgurricane Maria 2018, p. 9.
65 pasch, Penny, and Beldyrricane Maria 2018,p. 9.
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Table 7.NHC Official Intensity Forecast Errors for Hurricane Maria Compared to
the 2012-2016 Average

(in nautical miles per houor knots)

Forecast Forecast Period 2

12 hours 24 hours 36 hours 48 hours 72 hours 96 hours 120 hours

NHC 6.6 10.6 13.0 14.5 12.2 8.8 8.1
Official

20122016 55 8.2 10.5 12.0 13.4 14.0 14.5
Average

Source: CRS, fromPasch, Penny, and Belyrricane Marj2018,Table 7a.

Notes: Forecast errors indicate the difference between the forecast intensity and the actual intensity in nautical
miles per houror knots (kt). A nautical mile is about 1.15 statute miles.

a. The NHC issues official forecasts every 6 hours, and each forecastbiestipns valid 12, 24, 36, 48, 72,
96, and 120 hours after the forecastnitial time.

| YWlw UOEOUDEwW' UUUDBEEOI w2l EUO
The Climate PredicttihkWS Cannhenl [ ZPChssuwbt hi NOAA A
Hurricane Season Qu(li8n0 kiisasTuhegd oount |MatyRl &f4o,r pr edi c

named ,$9 ohmsy i dAdmaj or ®ATuhrea iCRG espdated its outl
August 9, -18r eddimetdi7sdh o m$ c-ashmaj, oanudricanes.

Accor diihAegg C®PBr edi ct hebd ® ¢ Is a dbced-movk mal season ( mo:
i keloyp) chanBe-aonf mal s ela® ooh a racadd ccater el s on .

These categories reffl etche tahren palo bawtilld sk d,c med ruir
cernhalikel i ho®rcheofouddowwrkriimsg.basedcan e( k) iprad ki ¢
factors known to influence seasonal hurricane ac
hurricaf€@oactiomptyi son U7DEGHhew20k& acwtladokneans
ranges for named stor ms, hurricanes, and major f
anaza010.

I n its Autghues tCRIG} dpartoev,i ded four main reasons why
season to be |l ess aftive than its May predictior
1. Exceptionalulrf aceolt esngpaer atures in the region

tropical storms initially for m;

2. An increasefd andkEdae Wwloadpi ng;

SSNOAA, National Weather SerNOAAZ20]8 Ahtic Huaritage SRasan Qutlgohi on Cent er
May 24, 2018, ahttp://www.cpc.ncep.noaa.giproductsdutiookshurricane2018ay/hurricane.shtml

S"NOAA, Nati onal We at her SerNOAA 2018 Atlahtic Huaritaee SRasan Outlgopbi on Cent er
August 9, 2018, dtttp://www.cpc.ncep.noaa.g@rbductsbutlookshurricane201&ugusthurricane.shtml

Her ei naf t NOAA 2008 Atantic Hurricane Season Outlook

8NOAA describes the probabi | iigtyisexpected tofalt véthinatleesefranded imavs At he s
out of 10 seasons with similar climate condNDAA2018s and unce
Atlantic Hurricane Season Outlooko

69N O A ANOAA 2018 Atlantic Hurricane Season Outlodk

0N O A ANOAA 2018 Atlantic Hurricane Season Outlook
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3. Components of atmospheric circulation patter
conducive to hurricane formation; and
4, Consi stent with bhbherfcasée mbdeedtsiiveeendi ctl & |
season than they did in May.
Al t hough the Atlantic hurricane season runs fror
most of the predicted activity is expected to oc
Oct oBeadaoucseean and catnnidad st p hoenrsthomR @ yqph amdany i ssues
updabheAtoust i noat hwooWady nci de with the onset of |
Table 8. Seasonal Means and Ranges for Named Storms
(1981-2010)
Mean Mean
Number of Range of Mean Number of Range of
Season Tropical Tropical Number of Range of Major Major
Type Storms Storms Hurricanes Hurricanes Hurricanes Hurricanes
Above 16.5 12-28 9.7 7-15 4.8 37
Normal
Near 12.3 10-15 6.3 4-9 2.3 1-4
Normal
Below 6.7 4-9 33 2-4 1.0 0-2
Normal
All Seasons 12.1 4-28 6.4 2-15 2.7 0-7
Source: NOAA, National Weather Service, Climate Prediction CentéBackground Information: North
Atlantic Hurricane Seasopat http://www.cpc.ncep.noaa.gpvbductsbutlooksNorATL_Background.shtml
NOAA includes sever al di scl ai mers when issuing i
not make a s e@GBQGECCGhaustr,i camdk it doa&mse nadt ipvietdy ¢
for any particul ar afHeua rwictahnien |tahned fAalrl kpgnitairce rdeegti
weat her patterns after the crnbgys hlmesf d rog mehde hwihri
makes | afldfpalolv e(meend s 0NNOJA AChad Isloengnecd udes t he f ol

outtlt ook

It only takes one hurricane (or tropical storm) to cause a disaster. Residents, businesses,
andgovernment agencies of coastal and fueastal regions are urged to prepare for every
hurricane season regardless of this, or any other, seasonal détlook.

VT A A s NN\ N\

(V00T TOWIWUWEOEwWUT T wel EUT T Uu

Congress enacted PSec® Hdrb el OMe astphaedril fe cdta)l loff t o 1 mp
hurricane forecasting with a focus on
X i mproving the prediction of rapid intensific
X i mprovi ng atntde cfoonmmaicma tati on of storm surges f
X incorporating risk communication research to
warning products.

1N O A ANOAA 2018 Atlantic Hurricane Season Outlook
2N O A ANOAA 2018 Atlantic Hurricane Season Outlook
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Congress has continued to focus b@ondmssanssues
Aprli2l, 2018, hearing before the Senate Committee

the acting NOAA Administrator st atieer ¢ htatie flDne ®tc 8
the NHC [ National Hur rofHoaweev ee, i taleers] piietyes cv@emed i S e
hurricane forecasting, some stakeholders point t
representing the Red Cross at the April 12, 201 ¢8
predicting the tr &chkaladfe nhguerdr ipclaanmnen elrrsmadAtrhoasts t he
witness representing the National Transportatior
Joaquin in 2015 was diffi 2u@® MiedD f¥oerceocnansetn dbeedc at uhs

NOAA riaonpe t he performance of i-$Beé&donrec@&stommedert s
I n the WE€anheesActrequired & datraiilcadepllfanm efcars t N(
i mprovement $rcagroaamlW®mdevi t hin a,yehe pfaasanwast me

uavail able as of early July 2018.
Ot her sections of the Weather Act tahdadtses s daspect
l ead to i mprovements in hectioanéOFfookcastiagl F

NOAA t o undertakeesgperfmenéeésttobsaserviomg systems
i mprove hurricane tr,ackmamg dtnifemstimiyndgbd echistt i e
requires NOAA to acquureiHhacdeup acapahbiflti tioepr eoeE
poifmtf @i l ure for that part of the hurricane obse

At a July 18, 2018, heaanidn gl noffrCabsimeri utoteusree Wi ane p s
focused on recovery activities from the 2017 hur

sea¥lotn.i s |l ikely that Congress wil!/| mai ntain its
every year given the annual threat hurricanes pc
States.

~ . ~
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Peter Folger
Specialistin Energy and Natural Resources Polic

73 Written testimony of Rear Admiral Tim Gallaudet, Senate Committee on Commerce, Saimhd@eansportation,
Are We Ready for the Next Hurricane Seas@tatus of Preparation and Response Capabilities for 2018 Cify.
2" sess., April 12, 2018.

74 Written testimony of Jennifer Pipa, Regional Chief Executive Officer, American Red Gr@sstoal Florida, in
U.S. Congress, Senate Committee on Commerce, Science, and Transpdutatite, Ready for the Next Hurricane
Season?Status of Preparation and Response Capabilities for 2018 Chirfs)., 29 sess., April 12, 2018.

75 Written testimay of T. Bella SinkzZarr, Member, National Transportation Safety Board, in U.S. Congress, Senate
Committee on Commerce, Science, and Transportagi@ayVe Ready for the Next Hurricane Seas@tatus of
Preparation and Response Capabilities for 2018" Cbhiag., 29 sess., April 12, 2018Vind shearefers to any change

in wind speed or direction along a straight line. It is often the most critical factor controlling hurricane formation and
destruction. See Wia&hear&utorigdla hdtst/vogmw evundedground.coeducation/

shear.asp

76U.S. Congress, House Committee on Transportation and Infrastrutaré/e Ready? Recovering from 2017
Disasters and Preparing for the 28 Hurricane Seasqri15" Cong., 29 sess., July 18, 2018.
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